Converging lines of evidence suggest that soluble Aβ-amyloid oligomers play a pivotal role in the pathogenesis of Alzheimer's disease, and present direct effectors of synaptic and cognitive dysfunction. To address the effect of the oligomerization state on Aβ structure, we performed systematic molecular dynamics simulations of 0.5 μs in total on five Aβ 42 oligomers (monomer through pentamer). While the conformation of the trimer to pentamer remains similar to the fibril structure, the dimer forms a distinct barrel-like structure with mixed β-sheets shielding a hydrophobic core. The fact that the dimer predominantly exists in conformations clearly distinct from the fibril may offer an explanation for dimer stability and neurotoxicity.
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The present study also assessed the effect of four pathogenic mutations at position 22 from 20-ns molecular dynamics simulations and subsequent structural and energetic analyses. Our data shows that E22 plays a unique role in wildtype Aβ, since is has a destabilizing effect on the oligomer structure due to electrostatic repulsion between adjacent E22 sidechains. Consequently, mutations, which replace E22 by a non-charged residue, result in higher oligomer stability. The effect is also observed for lesser extent for the E22K mutation and is consistent with the lower pathogenicity compared to other mutants. Interestingly, the deletion of E22 does not destabilize the amyloid fold but is compensated by local structural rearrangements including changes of dihedral angles and the formation of alternative hydrogen bonds at the site of mutation. The finding that all mutants investigated exhibit a higher internal stability than the wildtype offers an explanation for the experimentally observed enhanced oligomer formation and stability. The correlation between internal stability, aggregation tendency and pathogenicity and might be helpful for the design of drugs targeting small but toxic Aβ-amyloid compounds.
